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10—135425 

mm^} mmm 

mm<D^m ^#f*:'i7XA. ^^mi^m^mm. ■i5^x:^^mi^m^m.^:^m 
tsriBnMs i c^«±icii:g5xfcr^f dps/-v;i/ic?^^$ti, 3x1 o^^—i x 1 

0^^ cm~^<Dnm^^VTmm^^-t^nmAl^ Gaj_jj NM (0<x<0. 
4) i: 

[M*3g2] ItflSnMS i C^^li, 1 X 1 0^^cin"^~l X 1 O^Ocm"^ 

[«*:S3] ItffHnMA Ij, G a^_^ N»©A l^^xA'^O. 097^?tT'fe 

[«*^4] ItrfBnMS i CS^g^MO 0 0 1) S i S?:?^ ttffSnMA 
Gaj_^ NMtiK 3® (0 0 0 1) S i ®±IC?^^$ IXT Vn^W^^ 1 ~ 3 

0 t o r rJgATT'nMA 1^ G a ^.^^ NM (0<x<0. 4) & X fcf ^ ^ ;i/ 

tsflHnMS i CS^±fCE^Xtf ^S/^;i/lC?^fig$tl> 3X1 0^^— 1X1 
0^^ cm~^<Dnm^^V7mm^m-t^nmAl^ Ga^_^ NjiyyTM (0< 
x<0. 4) i:, 

fffia n MM^jt±lc X ^ ^ ;i/ ic?^^ $ ti it ^S-ffiM^jg . 
t&Sa?SttM^3t± ic X If ^ ^ ^ ;p {c?^^ S ti P i: , 

mm P M»^jt±lc?^^K $ ti ;t p t. . 
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i^5p 10-135425 
im^mT} mmnms iCmWt. l X l 0^^cm"^~l X l O^Ocm"^ 

[0 0 0 1] 

[0 0 0 2] 

[0 0 0 3] 

G a NmmtA^i}mmtjit=.i^, g a N^^mi^mm:\tmmmm<DmiSL(D±iz 

N^^#^^S(Z)#<«, if:7T-fT (Alg O3 ) cffiS^g-hlCG aN^^JlSf 
® Srfig^Rf -5 r i: IC J: o T?^^$ tiT ^ fco 
[0 0 0 4] 

[0 0 0 5] 
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#3p 10-135425 

[0 0 0 6] 
[0 0 0 7] 

o S i CS^JllCG aN^i|i#^^^$:?^^f SV^<OJ()^®ii^3&^feS 

o 

[0 0 0 8] 

s i cm^±izG aN^^mi^^^-km^-t^m^. g aNm^A^yrmt 

[0 0 0 9] 

SiC^^JllC. 5i2jg;5;GaN^^^f*:M^S:^:St--5^-^. m^WmcDA^y 
7rMi: UTA 1 NMA^A 1 G aNMS:ffiv^si:, 5iAjg^^S;(,^^e>ti, 
lcGaN^4^#^M^$:5|zjeicfiR:R-r'&ri::^)^T'#Si:(©^^=bfe€>o ^fe. ^ 

[0 0 10] 

AlGaNli, Aimmf^4: 0%j;KT(Dm^iZi3\'\X. nM®«^^#ttS:# 
fe-^SZlilTb^nrtgT'feSo A 1 G a NMSrA^y 7TMi: LTMV^S Z: i: J; U, 
S i CS3Ki:GaN3^^Si:^«^e!fJc^a$ii:-2>z:i:A^origi:^-5. 

[0011] 
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[0 0 12] 

■r s ^ fi « -r s d i: T' s c 

[0 0 13] 

[^s s ® 
:^mm<DimMiz^tiit. nms i cs^h. tfrianMs i cmm±izw.m:r. 

If'St^iy^Mzm^^il. 3X1 0^^cm"^'-'l x 1 0 c in"^OD nM=^'V U T 
t^M^^-rSnMA Ij^ Gaj_^ NM (0<x<0. 4) ^^"TS^^^'^X 

[0 0 14] 

:^mm(Dm(Dmmzj:int. nms i c^^i:, tSfiBnMs i cmm±izmm 

Xtf 3X1 0^^cm"^~l X 1 O^^c m~^(Z)nM=3p^ U 

r^gMSr^-t-S nMA 1,^ Ga^_j, N/i^y^rM (0<x<.0. 4) il, IfflBn 

5t ± ic X tf ^ dp >> ^ ;nc j^fig $ ti P MM^ ^ , ttfSa p jt± iz mm ^ ^ 

[0 0 15] 

ICJ; 0 t o r r JgilTT' nMA 1 ^ G a N® (0<x<0. 4 

[0 0 16] 



mU.^^ 11-3024860 



10—135425 

Srfig^gLfc^^, h^m*^l©V^z:i:*^^i^!Iofec nMAlGaNM®^^ 

Vrmm^. 3 X l O^^cm"^—! X l O^^cm'^^^HP^lClg^f Si:, ny 
9^ hm.tfC^m.m-t^:iti)'^X^^^o ^r^. m:SJE:i^3S:9 0 t o r rJgilTlCi-^ 
A lM^75)V^S<A^o^JS^^®$:3t■t'g>Al^ Ga^.jj NxtT^^S/^;!/ 

[0 0 17] 

P^r> A 1 G a N (0<x<0. 4) §:A1 GaNtm-To ^(DM^m 

$>So AlGaNMli. S i C««±lC;ta^^^*if!fe«^ (MOVPE) iCi 
i)Jiif9^i/^MZ^M^^:ittf^X^^o m-^&i:!^ 1 0 0 t o r r tLtc^m 

-a-, AiG aN(DAim^^Q%&.±i:vr=.m. ^^m^mm^n^:it.f)^-v^^ 

o 

[0 0 18] 

nMS i CmM±lZ^ nMA 1q QgG aQ g^N7^>y ^rM^J^^Sb. >®JblC 
mM0G aN^^^MS:«MLTG aN^L/-if $:?^^-rSii:A^-e^So Zl© 
<k^lCLTf^^L;tG aN^^^f*;!/-- Ifli, #§JgM;54 2 0 n mT-ISigL, L 
^V^^t«^^i5 0 0 mA,. VNflt«fltli 2 2 Vefeofco 
[0 0 19] 

GaN^if^#^®p ng?-^CD#U#J:t«fili2fC5f5^3 VT'fe*;, 

S il ^ «?> T :^ ^ ^ « E T' -g> o 
[0 0 2 0] 

L^V^^it«ffi*^WV^MHS:^^L. S i CS«i: A 1 G a N/ly 

[0 0 2 1] 

S i CilA 1 G a N(DA> K^it®^M{±, 3^^* T'^«tT'«J& V^„ S^jIC 
S i C^A 1 GaN®|^MlCli#<®^H^^I%*^#^E-r<5o tJ&oT, SiC-A 



mtiE#¥ 11-3024860 



10-135425 



1 G aN#®<D#®^Jn:$:Ttf-5>^^S:Si&WlC^^i--5z:i:tt#miCSilT'$> 

So 

[0 0 2 2] 
[0 0 2 3] 

site. ^lg^^cMv^fei^->:/;l/<Z)#^$:«!EillS65^c^■to HJcK b>f U -?£ic J: »; 
>'t;i/^fife;R$-ft:fe:^mK-y®nMS i C««l li, ^$*«;2 O O itt m, 
1 cm^ T'fey, 6 H-'^7;I/^yT-f h^jg® (0 0 0 1) Sim^m-r^o nM 
A 1 GaNM2tt. nM^Mi^ilbTS i S i CS*g±lCMO V P E^fe 

^ S^*T:S:®^S-&'5fc«?). nMA 1 G aNM2(Z)J:lC. $ e> {C nMG a Njf 3 
S:M^*5lO. 2 yitmMOVPElCj: U xlf ^ dpi/-v;i/lC^;SL/feo 
[0 0 24] 

MOVPE«, y-X:jyxi:bTM;t«h y ;i^;i/^U 'i/A (TMG) , hU 
x^;i/:jyu^;A (TEG) , hV:^^)vr;v^-OA (tma) , hVj^'f-JV^f 
yp^A (TMI) . T>^— r (NH3 ) $:Mv\ LT^y i/^ 

> (S i H4 ) i:bf;^.i/^n^>^$;?xii;i/vy:^i/^?A (C Pg Mg) S:ffiv> 
, m^Umi 0 9 O'CT'ff ofeo 
[0 0 2 5] 

S i Cm^(Dmm^m\ZN i ©m@5 hMG a NM3 (Z)^®±{CP3 

Mb^^M«^"efe'5o BJ^m^O^-^lCli. e^S:3 0 /iin~9 0 Atm^^H 
T'jg^l^fe. y^h^4':fV^nm<Dm^. illgtt2~l 5 Atm. :R$«3 0 0~9 0 
0 /[im©«gHT'^^b7^o nMA 1 G a NM 2 feitJ^nMS i C^^(30nM^^ 
:Jrmm. nMAlGaNM2®Al^^, MOVPE®^:gflb:d$:^'fb^-&T 

[0 0 2 6] 

mi (B) nMA 1 G aNM2®^-VUr?i;g^^^fc$-ti:fc^®> SiC 
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/A 1 G a N^m(0$^mm.Um(Dmit^m-t^^'7X-$>^o =^ffi»nMA 1 G a 

lil X 1 0^^cm"^i:L, nMAlx Ga^.jj NMOAl^I^l±x=0. 0 9 t. 
[0 0 2 7] 

^^^^iciinMA 1 GaNStfiCD^-vUrti;^?: 1 X 1 0^*^0111 fj^^ 

1X1 o^^cm~^^X'mt^-^t^m<D^m^tfL^<D-:fu^y v-^^-to mi (a) 

tCat-r«l^(Z)^-^, mm. S l C«^, a l G a NM, G a NM^tL-€^tlC^ 
^mmttMmT'^-2>@S®ffiT'fey, nm(Dmmmtfi. AlGaN/GaN®^ 

n^m.iftit. ^^651CS i C/A 1 G a N®#®^in;©*tT?feS„ 
[0 0 2 8] 

^oTV^'5o i-Jfet)-^, :3p-vUT^^|g:^^7ji?j5x 1 0^^cm"^J[J^_h®^-^, 

tfLm(Dzfuy hit^mcD^^'^ij^^j^w.Mr 2_h{cfeu, ^-vurtiSA^s X i o 

[0 0 2 9] 
[0 0 3 0] 

nMA 1 G aiNm2(D^^rVrmm^m5X 1 0^^cm"^iJ^±lC-m«, A 1 
G aN/S i C|f®OD|^®^m^l±^iB©»0S^:^>^*:^r 2 JilC^U, <gVN# 
® ^Ja 5: IC ^ S z: h T' ^ S T' 5 e) = 
[0 0 3 1 ] 

ijmi 0 QmmH^Ji^o a l GaN/S l C|^®<7)#®Smti. Zl^^mtr^:^ 
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[0 0 3 2] 

xif^?^e/^;i/M©®^*'^7 0 0 yEimx4 nrxmrnii^^m^. =^r^ur^i^ 

*^3 X 1 O^^cm T'feoT%#®^m<^^itli3:tr^^i/^;i/M®^«mi: 
=b??tlllC/jN$*;t)©frSZ:i:75)^T^-5o «6oT, nMA 1 G a NM 2 (Z):^^ U 
rmrnhX^Xl-i. J^S X l ol^cm J!^;^J:*W*L<. J^5 X 1 O^^cm'^Jg^ 

[0 0 3 3] 

^^3, nSA 1 GaNMO=^r^UTaS2: 1X1 0 c m"^$:jl;^§MJC b J: 

Zlil^^SilT-feofeo «eoT, nMA 1 G aNM2®^-V >; r^^;S«*^l X 1 0 
20 c m"2j!J^T i: -r <5 r AW * b V >e 
[0 0 3 4] 

±IS®III^^C^V^T^i. n§?S i C^^KJilC^^S-tSnMA 1 G aNM2©^ 

^S^^^O^^bSrM^bfcc nMAl^ Gaj_^ NM 2 (Z) A 1 M^ttx = 0 . 
0 9. ^-V y TliSl*5 X 1 O^^cm'^i: Lfco 
[0 0 3 5] 

•t^^7T'&So ®cfi;^fl&linMS i C««l|^®^-vUTtg|gS:#^cin"2T' 
MI!tX^-;i/T'a^L, ilffiffiliS i C/A 1 GaN#MC0l^®^m^5:#^Q cm 
2 T'*ftS[X>r-;i/7?^-ro ^^^:7lCli, nMS i S«(Z):^r^ U 7?^M$: l X l O 
^''c m"V^ 3X1 O^^c m'^^T'^'fbS-BD'^^^^D h ^r^-To 
[0 0 3 6] 

■b. nMS i C^*gl©^-*'Urtg^7b^j^l X 1 0^^cm"^JStTcZ)^-a-, 

mm\t.mMv 3jiic$>y, ^-vurasA^JMji x i o^^cm"^j54±®^-&> #® 
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[0 0 3 7] 

s i cm^Ko^^vrmm^ i x i o^^cm~^^i)%-m< L^z>tLtcm^ 

[0 0 3 8] 

^•=>r. nms iCm^Ht. ^ 1 X 1 0 ^® c m"^— 1 X 1 0 2° c m"^(7)|gH 
(O^^Vrmm^^-t^Zilfi^^t. LV^o ^^Vrmmf)^! X l 0^^cm"^J:y 
t)/jN$<3&€>i:, ^®Smii^lSi[lcit:^-r-5o U rm^*U x i o^^c m"^ 

[0 0 3 9] 

if®j;e)ic^'ffc-rs*^$:ii^feo nMs i (o^^ V rmmiti x i o^^ 

cm"^. n§?A 1 G aNm2<D^^Vrmmt5 X 1 0 ^® c m"^i: b feo 
[0 0 4 0] 

[0 04 1] 

mti^hmhti'fjt^t>iz. m^nr^nm^mma>-:fu>y hit, WiBrb. r.6± 

a^d^lCifinit- -So «&oT, nMA 1 G aN7'?^y7 7M2®A iM^li. 9%?^ 
[0 0 4 2] 

[0 04 3] 
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G a N^^^mi^UB(DM^m:^^MO VPElCfcoT^TC) m^^. ^ 1 

0 0 t o r r i:bT^^feo L*^L, ^;5ffiiJ 5: 1 0 0 t o r r bfe#-&, 
J5:^®(Da:fcr^^e/'V;i/MS:#-5fc«blCl±, S i CS®±lCiCg§^:Rf A 1 G 

lC^>fbSi±fe^^. ^:gJE:dS:Ttf-5 3i:{Cj:*; 8%je^T<©A IJffi^^A 1 G a 

[0 0 4 4] 

04 tt. MOVPElCj:§A 1 GaNM^^lC^VNT, il^S^^ffi 

-eu-r^'?r-;i/T'^i/> $8^ifrtt«iSA lMfife$:^&%T'U-T^>^^-;I/•e^-r 
o m^&iJ^^r^'^^KmK ¥S^^MS:li<5:^«blCig^S|3&«<£A IM^ ( 
%) It^kmizm^PhX^^^o ■g-V^^X.'St, '££v>AlM^fe(DAl GaNMt), ^ife 
S: T if feM O V P E 4x ^ -r S J: tc S o 
[0 0 4 5] 

fjt^. Aimmozfu V ^± 1 %nm(om^^^ti. m-mmti i o o t 

orr, 70torr, 5 0 t o r t (DzfU y hit. ISJ^iCi^ r 7 ±lC^o T V% 
S*^, ^■mmijZ 0 t o r T(DzfUy hit. rOttilSr 7*^e>^:9•iltlTV^So 

[0 0 4 6] 

^^^Stcisv^Ttt. ^:Rffi;(jtcK^LfeA Iffi^x (%) ©ffili, ^±1% 
[0 0 4 7] 

ms%<DAimm.^mv. ^^m^^mm^m-t^A i g a NM$:^;R-r<5:t*{c 

mSi&tUt^ 0 t o r ri;ATtt^Z.tt>m^V\i\ Alffi^J^6%©^S 
^^W^r^-r-SA 1 G aNMS:^«'tSfe«?)JCtt, ^;Rffi:t;tt7 0 t o r r ^^T 
il-t ^ ZL tfi^i^t. LV>„ A im^m4: %V^m.t3tm^^m-t^Al G a NMSrIife 

^■t^r^mzit. ^M&tiitb 0 t o T Tjnrii-t^:r.ti!)mt.L\r^, mm. a 
immm2%X'^m.^j^mm^m-t^A i g a Nm^^M-t^t:ii^izit. m^Bij 
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2 0 t o r rJ^AT^-tSZlhTbW* bV^„ 
[0 0 4 8] 

[0 0 4 9] 

to 

[0 0 5 0] 

nMSiC««iiii, 6 H'i7;i/-yr>r ^<Z)^ffili (0 0 0 1 

) SiST'feSo nMS i C»® 1 1 lC«M^3b^K-:;^$nTfe*J, nM^^ll 

[0 0 5 1] 

nMs i cs^Ki icD^sjiic, n^M«5ti 0, ?gi4M^5t2 0. pmmm 

3t3 0*^aM$^lTV^So nMM«|jtlOl±, T*^?> nMA 1 q ^gO a q g^N(Z) 
A^y:7TMl2, nMG aN<D/iyy tM 1 n§?A 1 Q QgG aQ gjN(Z)^^ 
KM 14, nMG a N®3l&5?f>r KM 1 5 Sr-^tfo 
[0 0 5 2] 

nMAl qqqG BiQQ^N A ^yyrM 1 2 Jit. m^ltm^mo. 15/tm, nM 
^M#IS i?i;g8 X 1 0^®cm~^S:^fr<&c n^G a N7^>y ^ tM 1 3 tt, 
itm^mo. lyttm, nM^^fii^S i?g^3 X 1 O^^c m"^^;^-t-So nMA 1 
OOgG aQ gjN^^^vy KMl 4 li, #>J^liJ¥$*?lO. 5itini, nM^M^fefSi^i 
^7^3 X 1 O^^cm'^Sr^-rSo nMG a N^5!/>r KM 1 5 li, M;^«ff:$*?JO 
. lAtm, nM^M^^S i^i£gJ^3 X 1 0^^cm~^§::ti-Sc 
[0 0 5 3] 

?S'ffiM2 OttI Hq ^^gG aQ ggN/I Hq QgG aQ gyNT'J^^^tlSy > K- 
>^#««^?f^«jtT'$>y, 3M® I igGaQ g5N#FMt4M<Z)I Hq 
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ff$^5. Onm-efeSc 
[0 0 5 4] 

3 1. p3ffGaN®3^6:if>f KM3 2. p MA 1 q QgG a q g^N© ^ vy KM 3 3 
, pMG aN®i3>^^ hM3 4 $:-^tfo 
[0 0 5 5] 

pMA iQ^^gG aQ ggNx huyzfU^yi^ms 1 It. -f:^fJ^^mA't^m 
2 0nm"rfey, pM^M^MgaS3i«j5 X 1 0^^cm"^^^-r-So pMGaN 

^55f-r KM3 2«, M;t«^s*«io. lAin, pm^mmMgmmm^xi 

cm'^^m^^o pMA iQ QgG a (j g^N^^^y KM 3 3 m^\tm-^mo. 
[0 0 5 6] 

0 0 t o r rT'^^RfSZlil^^-e^So ^MBnill^Xlt. m^lthV:f<^/V:fS 
U'^A (TMG) , h Ux^;i/5!/U (TEG) , h V :^^;]/r JV ^ A ( 
TMA) , hV :f^^JV^yP^J^ (TMI) , yy=^-7 (NH3 ) $:MV^, h 
-^'N'v hMJ^i: L/Ttt^y (SiH^) t.if:^ty^u^y'SiVJ^—jV'T^ 

(Cpg Mg) $:Mv^-5>Zli:A^T'^So nMS i CS^gl 1 li. 

[0 0 5 7] 

nmmm^i o<DW^^\t. m7L\tm^WLm.i o^o°c^ nm/h.v 

■ej^^Sf 'Srii^&^T'^Sc ?5ttM^it2 ott. M;^«^:S?a^7 8 ox:, 
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[0 0 5 8] 

nMA 1q QgGsQ g^NAvy:7TMl 2 n^^^^ U T^^^JMl 8 X 1 O^^cm 

"^s:Jt-r-5fe«), mi (B) (D^'yvti^^mhti^tji^oKTLms icmwii I h 

nMA 1q QgG aQ g^N/^^y :7tM 1 2 h ®^®©#®^^$:i£ < ilpX-S Zl h 
[0 0 5 9] 

nMS i Cmmi 1 ilLTJiJPS 2 0 0 /* ni(DS=KS:fli V^T-€■®_h^C3l 

lpi*?J 3 ~ 5 t:^}l7L\tS. 5 yt* m. ]^$^0. 4 /i m® ^ iJ* ^J^figfe., 
KM 3 3®^$4)-^S:?^^-rsri:lcJ:»;. ®ff^?!f-r K#jt*^?^^$ti. 

[0 0 6 0] 

MGaNzi>t?^' h«3 4^®S:SmSi±-5= f^(OWi\%. 2 —4 /* 

[0 0 6 1] 

^CD^, S i C««l l^ffi^SlCN iM> TIM, AuM&Mlr^aML, n 
tl«®4 3 $:?^^-r-2>o ^fc, pl-9-±®JCN iM, T i M, A u MSrflH^^caW L 
, A°^-:^>:Jf L/Tn{B!I«M4 2 S:f^^-rS = 
[0 0 6 2] 

mi 0 0 iim<D^) vvm^m^^mm-^^. T.v'y^-fo^ismi^ ci - 1 o 03 
mmm\-i. (1 - 1 0 0) m-^^^. 

[0 0 6 3] 

-&S3i:*^-e#fe„ L/T/^';l/>^.«2S$:Mv^, IkHz — lOkHzT? 

mmx^f^o L^V^MBES 0 OmA, v>ffi«JBE 1 5 V*'J#e>n:t= 



1 3 
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[0 0 6 4] 

iti(®fe«). nMA 1q QgG g^NMl 2(D^^Vrmm.^3 X 1 O^^cm 
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